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Lost at Sea
Anny Oberlink
“One of the aftermaths of war—when Britain was a veritable arsenal for the allies—is the disposal of a
vast quantity of unused and dangerous ammunition. Much of the ammunition is taken to the sea for
disposal, and once again, the faithful LST [Landing Ship, Tank] is on the job. Already, 300,000 tons have
hit the briny or have been blown up. But there still remains a gigantic stockpile of 800,000 tons to be
liquidated. In the wake of war, Britain has one of the world’s biggest house-cleaning jobs.”
Universal Newsreel, 1946

Off the coast of the Long Island Sound, crews on fishing boats harvest the bountiful ocean floor for
clams, mussels, oysters, and sea scallops. In 2010, an incident sent a fisherman to the hospital after
developing small, pus-filled blisters and chemical burns on his forearm and upper thigh. The injury
was immediately recognized by a nurse trained in chemical agent injuries: the unlucky fisherman
had been exposed to mustard gas, a chemical used widely in World War I and World War II that
causes chemical burns, skin blisters, shortness of breath, and nausea. The crew had retrieved
decaying munitions while dredging for clams in the sediment. When attempting to dump the
munitions back into the ocean, a munition was dropped on the deck of the boat, releasing a black,
tar-like substance.
As it happens, commercial fishers routinely recover munitions from the sediment which emit a
discernible “garlic” smell—a telltale sign of a chemical agent. And this doesn’t just happen off the
East Coast of the United States; it happens all over the world.
At the end of both world wars, in a new era of peace, nations confronted an unprecedented logistical
problem: millions of tons of unexploded ordnance—once a wartime boon—had become a
peacetime burden. Faced with a mandate to dispose of excess munitions, militaries turned to
dumping their stockpiles into the sea. But now a complex and urgent issue is emerging. Increasingly,
as industry looks to build offshore—wind power turbines, internet cables, oil pipelines—they are
facing a potential peril: millions of tons of unexploded bombs and ammunition that are lying on the
ocean floor can explode or leak if accidentally triggered. It's a global problem, and politicians and
industry leaders in the U.S., Canada, and Europe are mobilizing to better map the problem and come
up with solutions.
“Leftover munitions and supplies posed serious challenges. How would the victorious allies disarm
their enemies, demobilize their own armed forces, and dispose of surplus material? Unfortunately,
the proximity of the oceans offered a miracle solution,” said Dr. Alex Souchen, a historian and author
of War Junk (UBC Press, 2020). “Practically every major military power adopted dumping as a
primary disposal method throughout the twentieth century,” he said.

Royal Army Ordnance Corps (RAOC) place shells on gravity rollers that take surplus ammunition
over the side of the ship and into the sea, Cairnryan, Scotland ~1946. (Photo: Sergeant Menzies F.)

It is estimated that millions of tons of chemical weapons lie all over the ocean floor, from the Pacific
to the Atlantic. Some militaries dumped munitions in deep waters, like off the coast of Hawaii where
the U.S. military required dumping at sites 1800 meters (~5000 feet) from the surface and 600 feet
from shore, hoping that they would never resurface. Militaries in other locales dropped munitions
in shallower waters. Approximately 50,000 tons of chemical weapons and 200,000 tons of

conventional weapons were dumped in the Baltic Sea, an arena for many twentieth century
conflicts. Much of this waste lies only 150 meters below the surface, and some weapons are now
washing up on shore.
Scientists, politicians, and industry leaders around the world are uniting to address historic war
pollution, sharing similar sentiments: that unexploded weapons on the bottom of the sea are
dangerous and must be addressed. But there is less concord around the steps needed to
remediate—and the issue’s urgency. In past decades, some scientists and advocates have sounded
the alarm, referring to these munitions as literal ticking timb bombs that leak toxins like sulfur
mustard into ocean. Some are less concerned with the prospect of environmental degradation but
have highlighted the possibility of a fisher or deep sea diving tourist retrieving a bomb filled with a
toxic chemical.
Newfound interest in the issue of sea-dumped munitions is being driven by private industry, which
has set its sights on deep-sea expansion. This November, a large international conference hosted by
the parliamentary group European Conservatives and Reformists (ECR) invited scientists and
policymakers from around the world to discuss economically viable solutions for locating and
remediating unexploded munitions from the seabed. “The risk has been there for decades. But
lately, it is increasing,” Virginijus Sinkevičius, the E.U. Commissioner for Environment, Oceans and
Fisheries, said at the conference. “As we develop the blue economy, we are using the seabed more
and more, for offshore wind farms, for cables and pipelines. This multiplies the chance of coming
across unexploded ordnance.” The “blue economy” is a crucial sector for the European Green Deal
which aims for net zero emissions by 2050.
In many cases, cleaning up bombs on the ocean floor will require international coordination and
cooperation. Many nations are expanding their economies offshore into the deep blue, increasing
risk of contact with munitions. Warming oceans threaten to corrode metal casings around these
bombs at faster rates, threatening to unleash toxic chemicals into already fragile ecosystems at an
unprecedented rate. The question of whether to remediate weapons or leave them in place remains
contested—could moving a bomb be more harmful than just letting it naturally decay? Many
scientists tackling the problem are also confronted with a logistical challenge: no one knows for
sure where all the munitions are.
In 1946, oceans were a new frontier. “The bottom of the ocean was as foreign to humans as the
moon. No equipment possessed could go deeper than 900 feet. In a way, the ocean floor was a
completely unknown entity,” said Souchen. “It was only during the Second World War when the
American Navy and the British Navy started to be interested in how the undersea conditions
operated.” Funding started pouring into programs that explored dumping munitions in the sea as a
viable option for disarmament. Souchen explains that scientists became involved in military
projects that were designed to determine the acceptable limit of pollution that could be put in the
environment without damaging human health or resources. During that time, throwing bombs in
the ocean was actually seen as lessening the environmental impact of arms disposal. The alternative
was land-based detonation, which could destroy valuable land or require the evacuation of nearby

towns due to toxic smoke. “It's a legitimate issue. It's a way of releasing pressure on the military's
logistical systems. They want to send troops home. They don't want to pay for more of these
solutions,” he said.
Until the 1960s, sea-dumping was seen as the safest and most cost-effective way to dispose of
munitions. It wasn’t until the Cold War when testing of nuclear weapons increased public concern
and awareness of the impacts on the environment, leading to greater consideration of the impacts of
military activities on the environment. Only then did real investments begin in nuclear
disarmament, alternative disposal technologies, and filtration systems.
The environmental movements of the seventies brought a wave of legislation that addressed marine
dumping. In 1972, U.S. Congress enacted the Ocean Dumping Act, which recognized that dumping
materials into oceans endangered human health and ecological systems. Also in 1972, the first
international marine pollution treaty called the London Convention prevented the disposal of
hazardous waste into the sea. The protocol however does not consider munitions or chemical
warfare dumped before the treaty was established.
Since 2007, the Department of Defense has funded the Hawai‘i Undersea Military Munitions
Assessment (HUMMA), which tracks the historic deep-sea munitions disposal site around Pearl
Harbor to determine the impact of munitions on the ocean environment. The attack on Pearl Harbor
on December 7, 1941 was an environmental disaster that released toxins including unexploded
ordnance into the ocean. Even before the attack, munitions stored at the army base on Oahu had
begun to corrode and leak due to the site’s tropical conditions. At the end of the war, over 16,000
damaged and obsolete chemical bombs were dumped offshore.
Dr. Margo Edwards, director of the Applied Research Laboratory at the University of Hawai‘i, in
conjunction with HUMMA, uses incomplete historical records from the National Archives to
determine the exact locations of dumping sites. Munitions, loaded on tugboats, were often rolled off
the decks while en route to final dumping sites, leaving a trail of breadcrumbs. Using a sonar system
to map the seafloor, the trails made it easier for Edwards to follow the munitions with robotically
operated vehicles (ROV). The imprecise practice of dumping, however, continues to pose a challenge
to contemporary detection efforts. “I actually met one of the people that worked on the tugboats
when things were being disposed of—he was an octogenarian,” said Edwards. “He told me that they
used to use their hands as markers; that they would put their pinky on the bottom of a marker and
their thumb on the top of the marker and when that lighthouse or whatever it was fit within their
hand, they knew they were far enough off shore.”
The Applied Research Laboratory found that many of the chemical bombs that were constructed
with quarter-inch steel casings had actually imploded on their way down to depths of 300–600
meters. Sea stars, who have made their homes on the rusting bomb carcasses, were plucked off and
sampled in a lab. No traces of chemical warfare agents were found. Indigenous deep-sea shrimp
[dwelling] in the area, however, contained trace amounts of TNT in tissue samples, although the
concentrations were well below the laboratory reporting limits. Many of the munitions Edwards

came across almost disintegrated under the touch of the robotic arm. “What I don’t have an
understanding of is the natural erosion process. How does that happen? Seeing that so many of
these munitions are on the verge of collapse and not understanding what contributes to the fact that
some of them look like they’re very corroded and some of them you can still see the paint stripes on
them... I worry that we might be waiting too long,” she said.

A coral encrusted unexploded bomb at depth off the island of Kahoolawe, Hawaii which was used for target
practice during World War II (Photo: Alamy)

Finding munitions in the ocean is like finding a needle in the haystack. But with technological
advancements in recent years, scientists have made immense progress in detection and assessment
protocols. This past year, lessons from the Hawaii deep sea research were applied in the use of
unmanned systems in shallow waters. While successful in a place like Hawaii, where bombs are
generally deep and far apart, it doesn’t necessarily apply to a place like the Baltic Sea, where
scientists recently discovered over 40,000 objects on the seabed, from aerial bombs to modern
waste like bicycles and cars. It wouldn’t be feasible for an ROV to visit each object, remove, and
assess one by one like what was done in Hawaii.
The CHEMSEA project, developed by Dr. Jacek Beldowski of the Institute of Oceanology of the Polish
Academy of Sciences, began using sonars between 2011 and 2014 to detect munitions in the Baltic
Sea. “We confirmed that about 40% of those munitions are leaking into sediments, and in some
areas, more. There is also a biomarker response of the biota living there, this was the first
confirmation,” he said. Beldowski worked with the North Atlantic Treaty Organization (NATO) to

develop the DAIMON project, which improved detection methods through high-resolution sonar
and acoustic tools (light does not reach the ocean floor at 100 meters) and autonomous or remotely
operated vehicles. DAIMON can identify that munition is present—a German Mustard Bomb or
Pneumantic Mortar Brandt, for example—and can then match the ordnance against an extensive
database of more than 200 chemical weapons already identified on the seabed. “If the data is
available, then the automated recognition of threats could be started and the automated risk
assessment could actually check munition by munition: What is the risk for the environment? What
are the possible management solutions?” DAIMON’s algorithm can also be applied to shipwrecks
and bunker fuel leakage.
Beldowski is of the camp that is more concerned with the rate of corrosion, giving aerial bombs
until 2030 to completely leak out. Artillery shells, on the other hand, will corrode by 2100 according
to Beldowski, who also used hydrodynamic models to track how far the leaks would spread.
Beldowski found that leaks can spread more than 10km in five days, a far cry from his initial
estimate of half a kilometer. As climate change increases the strength of ocean currents, leak
spreads could continue to leach out farther.
But in order to answer a question like, “when will this big leak disaster happen?” Beldowski states
that monitoring is key. Unfortunately, donors haven't jumped at the chance to pour more funding
into projects with indefinite timelines. That may change, however, as private industry becomes
increasingly involved in confronting this issue. “An accident with chemical munitions, especially
because there are no ready procedures to act, can stop your investment for an unpredictable
amount of time,” said Beldowski. “All of a sudden you’ve got chemical munitions and the regulations
are not clear what to do with it. This technology is not really ready. It will take you some time to
organize everything; to get rid of it, legally. It could be half a year. But it could be several years. Who
knows.”
For some scientists, the impact of toxic chemicals on the environment has been the focus of decades
of research. Increased interest by governments and industry—like the ECR Group’s conference
spotlight on current research and calls for more action—is good news for scientists, although the
ironies of the profit motive are not lost on them. “Now I see, that money is talking. Why we are
interested in this, is that currently, there are some economic interests in wanting to build windmills
and so on,” said Dr. Paula Vanninen, the director of the Finnish Institute for Verification of the
Chemical Weapons Convention (VERIFIN) at the ECR conference. “Finally, we are getting some
interest in our passion, which we have been working on for many years. I hope that funding is
guided through the research.”
Dr. Jorn Scharsack of the Thünen Institute of Fisheries Ecology and author of a study on the effects
of climate change on dumped munitions and marine biota, points out that corrosion is a “ticking
time bomb,” a process that will unquestionably happen as waters warm. But nothing can be
definitively declared yet. We are only beginning to understand what impact sea-dumped munitions
have on the environment, and there are many gaps in the data. Scharsack admits that studying

climate change may not be the goal for many governments funding studies on toxicity: “The
priorities are on basic information: What is lying where? What shape is it?” he said.
The Polish Naval Academy worked with the DAIMON project in the past year to create standard
operating procedures for “ordinary European citizens” like fishermen or offshore investors who
come into contact with dumped munitions. “Our colleagues—the biologists, the chemists—they ask
questions of what the concentration of toxic substances are, how they transfer in the water, how
they appear in the tissues of species,” said Captain Prof. Bartłomiej Pączek at the ECR conference.
“But the questions tourists or fishermen ask is: what am I to do? Is there any procedure I am to
follow in case I accidentally contact a dangerous bomb, shell, or barrel that is accidentally thrown
with the fish to the deck?”

“Potentially dangerous” World War II ordnance and munitions on Skipsea Beach in Yorkshire, U.K. (Photo:
Alamy)

Capt. Pączek has the “end-user” in mind. A tourist at the beach who discovers a leaking weapon will
not necessarily be interested in a strategic level of discussion. Clear messaging is key. Currently,
there is no standardized response to finding a dumped bomb. In 2014, a man beachcombing near
the German city of Kiel picked up a piece of white phosphorus mistaking it for a piece of amber and
nearly died from exposure to the chemical, which causes severe skin burns that cannot be
extinguished with water. The Baltic Sea touches nine different countries, each with a different
system in place for dealing with environmental crises and threats. This makes international
cooperation all the more important.
Calls for international attention are growing. Many policymakers and politicians at the ECR
conference demonstrated a desire to bring the issue to the United Nations, while some wondered
why it wasn’t already being addressed. “I honestly believe that we’re not able to clean up munitions

or address them adequately with the existing protocols and international conventions that are
available today,” said Terrance P. Long, founder of International Dialogues on Underwater Munitions
in Canada. “I would strongly urge countries to call on the United Nations to have a global conference
to address these.”
Long called for the United Nations to issue a rallying cry around underwater munitions the same
way it did around landmines, leading to the 1997 Ottawa Treaty. The treaty (although never signed
by the United States) prohibited the stockpiling and use of landmines, and encouraged funding for
landmine clean-up initiatives around the world, garnering the attention of public figures like
Princess Diana.
Many of the places dealing with military contamination—like the Pacific Islands—don’t have access
to resources the same way European and Western countries do. “There are other parts of the world
where perhaps the technical capabilities are much less,” said Fredrik Haag, Head of the Office for the
London Convention/Protocol and Ocean Affairs in closing statements at the conference. “Through a
dialogue at the U.N. level, involving all regions and stakeholders, you could begin to get support to
those regions who are not as fortunate and capable.”
Even while there is more dialogue around sea-dumped munitions on the global level, the issue
hasn’t quite entered into the public sphere, notably absent from the “If you're looking at the surface,
you don't see the danger. That I think is probably one of the biggest problems that the international
dialogue on underwater munitions is having, is mobilizing people to understand the dangers,” said
Souchen. “When they look out all they see is the beautiful ocean. They don't see the stuff that's
below.”

